Real-time co-ordination is an emerging approach to operational engineering management aimed at being more comprehensive and widely applicable than existing approaches. Schedule management is a key characteristic of operational co-ordination related to managing the planning and dynamic assignment of tasks to resources, and the enactment of the resulting schedules , throughout a changeable process . This paper presents the application of an agent-oriented system, called the Design Co-ordination System, to an industrial case study in order to demonstrate the appropriate use of a genetic algorithm for the purpose of real -time scheduling. The application demonstrates that real-time co-ordinated scheduling can provide significant reductions in time to complete the computational design process.
Introduction
The operational engineering management of the design process of large made-toorder products can be complex, expensive and time-consuming due to the involvement of many resources and tasks, and large quantities of data, information and knowledge. The complexity is compounded by the fact that resources exhibit varying proficiency with regard to the undertaking of a variety of multiple interrelated tasks. Furthermore, due to unforeseen circumstances, resources may not perform as intended and/or scheduled tasks may not progress as expected, the outcome of which influences the performance of the design process. In order to account for such deviations in performance and/or progress, real-time scheduling must be considered. Furthermore, re-scheduling should only be performed if the benefits of doing so outweigh the status quo.
Design co-ordination is a relatively new approach to engineering management with its emphasis on timeliness and appropriateness [1] . More specifically, design coordination has been described as involving the effective utilisation of resources in order to carry out tasks for the right reasons, at the right time, to meet the right requirements and give the right results [2] . Further, based on this description , it has been reported that design co-ordination is the concept of the appropriate activities being performed, in a certain order, by a set of capable agents, in a fitting location , at a suitable time, in order to complete a set of tasks [3] .
At an operational level of management [4] , design co-ordination in real-time has been identified as being comprised of five key characteristics: coherence, communication/interaction, task management, schedule management and resource management [5] . This paper focuses on schedule management since design coordinated scheduling in real-time is of significant importance in that it directly relates to the time the design process can be completed in.
2
Real-time Design Co-ordination System
Real-time operational design co-ordination enables multiple inter-related tasks to be undertaken and completed by allocating and utilising multiple resources, of varying proficiency, in an optimised fashion in accordance with multiple schedules in a coherent, appropriate and timely manner, within the dynamic and unpredictable design process. Furthermore, real-time operational design coordination facilitates the improved performance of the design process to be achieved and, in addition, sustained. The term real-time is used since in-situ operational design co-ordination is continuously in operation. As such, when an event occurs that causes the performance of the design process to be degraded, appropriate adjustments can be made to resume improved performance. This involves resource allocation and utilisation being adjusted and tasks being rearranged and re-distributed appropriately. Consequently, the improved performance of the design process can be maintained. An important feature of realtime operational design co-ordination is that it also ensures that adjustments only occur if appropriate and, if so, periods of resource adjustment and task rearrangement are utilised effectively. The Design Co-ordination System (DCS) is an agent-oriented architecture that incorporates an approach to operational design co-ordination [5] . As such, the DCS is aimed at the real-time operational design co-ordination of a computational design process. With regard to the approach, operational tasks are initially defined based on the goals to be accomplished. Planning enables knowledge of the outstanding tasks and the resources available to be considered for scheduling . As a result of scheduling, a schedule is derived, which is the basis for the direction and undertaking of tasks . Prior to a task being undertaken, dependency relationships must be satisfied. In addition, any necessary information must be managed such that it is made available to allow the task to be completed. Monitoring facilitates the detection of deviations between the actual and expected performance of a resource . Similarly, monitoring enables deviations in the progress of schedules to be detected. If the deviation in resource performance or schedule progress
